Objective -This study evaluated the effects of a new method of mitral valve replacement on left ventricular (LV) remodeling and heart failure functional class.
Mitral Valve Replacement and Remodeling of the Left Ventricle in Dilated Cardiomyopathy with Mitral Regurgitation. Initial Results

Original Article
Functional mitral insufficiency (FMI) is not a rare complication of advanced dilated cardiomyopathy (DCM). It reflects changes in left ventricular (LV) geometry, the subvalvular apparatus, the mitral valve area and transvalvular pressures. Patients with DCM and FMI have refractory congestive heart failure and high mortality when in functional class (FC) III or IV. Blondhein et al 1 reported survival rates over 32 months of 59% in patients with DCM without FMI, 26% in those with DCM and discrete FMI, and 17% in patients with DCM and moderate-to-severe FMI.
Although heart transplantation is the standard treatment for advanced DCM, the few available donor hearts are insufficient to supply all patients awaiting the organ. Stevenson et al 2 reported a mortality rate of 46% per year in patients with an indication for cardiac transplantation who were waiting for a donor. Others are excluded from the organ waiting list because of advanced age or clinical contraindications.
Alternatives to heart transplantation have been proposed to improve quality of life and decrease mortality in these patients. FMI reflects the worst clinical evolution of DCM, and 2 techniques have been used to correct it. The first technique, mitral valve reconstruction, was proposed by Bolling et al 3 . This technique involves reduction of the dilated mitral annulus, thus, LV remodeling because of a decrease in the base diameter. The second technique, mitral valve replacement, was proposed by Buffolo et al 4 . This technique corrects valvular insufficiency and decreases LV base diameter. It involves implanting a small-diameter prosthesis and anchoring the 2 anterior valve hemileaflets, with their respective chordae tendineae, to the mitral annulus to assist the remodeling process.
We used mitral valve replacement to treat patients with DCM and FMI in this study. Our primary objective was to evaluate the short-term effects of valve replacement with new positioning of the chordae tendineae on LV remodeling and FC. First, we altered the subvalvular apparatus to isolate 4 pillars with chordae tendineae, 2 from the anterior leaflet and 2 from the posterior leaflet. Then we anchored these 4 pillars and their associated chordae tendineae, under tension, to the mitral annulus to facilitate LV remodeling by the traction of papillary muscles on the ventricular wall. We compared pre-and postoperative echocardiographic and clinical data to determine the clinical utility of this technique.
Methods
Eight consecutive patients with severe LV systolic dysfunction, DCM, and FMI, who were receiving optimal medical therapy, underwent surgery at the Heart Institute of the Medicine Faculty Clinic's Hospital of São Paulo University from July 2000 to July 2001. All patients provided informed consent and the study was conducted in accordance with institutional guidelines. A prospective analysis was carried out using clinical and echocardiographic data from their postoperative course.
Six patients (75%) were male and 2 (25%) were female. The mean patient age was 51 years (range: 33 to 63 years). Upon hospital admission, 5 patients (62.5%) were in heart failure functional class (FC) IV, 2 (25%) were in FC III and 1 (12.5%) was in FC III/IV. All patients included in this study had left ventricular ejection fraction (EF) ≤30%.
Six patients were being followed for idiopathic cardiomyopathy, one for postpartum cardiomyopathy and one for coronary artery disease. Two patients were excluded from the transplantation wait list because of renal failure requiring dialysis (cases 2 and 3) and/or a psychiatric disturbance (case 3) (tab. I). The number of hospital admissions due to congestive heart failure for these patients in the past 12 months was 5.6±3.8 (range: 3 to 10). Three patients were in the intensive care unit (ICU) in cardiogenic shock at the time of surgery.
Pre-and postoperative transthoracic echocardiographic examinations were performed to evaluate the degree of mitral insufficiency and LV function in all patients. Transesophageal echocardiography was performed during the operations. Hemodynamic parameters were derived from a Swan-Ganz catheter before and after the cardiopulmonary bypass and on the 2 nd and 3 rd postoperative days. Patients were only using intermittent vasodilator and diuretics drugs and no more than 5 mcg/kg.min of dobutamine at these times.
Measures were compared via simple univariate statistical analysis, using the Student t test, and, when necessary, the chi-square test. A p value of <0.05 was considered statistically significant.
Surgical technique -The patients were operated on via median thoracotomy. Normothermic cardiopulmonary bypass was established using membrane oxygenators. Myocardial protection was achieved with anterograde normothermic sanguineous cardioplegia associated with coronary reperfusion, whenever the surgical time permitted.
In most cases, the mitral valve was accessed via incision of the right atrium, roof of the left atrium and atrial septum, as described by Guiraudon et al 6 . The mitral anterior leaflet was sectioned in half from the valve annulus to the commissural areas. The resulting hemileaflets constituted 2 pillars with all of the chordae tendineae of the anterolateral and posteromedial papillary muscles. The other 2 pillars, formed by fragments of the sectioned posterior leaflet, had the most important chordae tendineae of the 2 papillary muscles ( fig. 1 ).
The suture lines helped to anchor the prosthesis and the 4 pillars in a convenient position that was in accordance with the direction of the papillary muscles and would allow equal dispersion of forces. In this position, the pillars were held between the annulus and the prosthesis. The length of excess chordae was exteriorized to the left atrium while traction and adequate tension on the papillary muscles were maintained ( fig. 2 ). The beating heart facilitated ideal chordae tendineae positioning, which was designed to maintain tension on the papillary muscles. 
Results
Bioprostheses, consisting of 5 porcine valves and 3 bovine valves, were implanted in all patients. We used a prosthesis with a diameter that was less than usual in each patient. We used a number 27 valve in 2 cases, 29 in 5 cases, and 33 in 1 case; the latter patient had undergone mitral reconstruction in the past year. Additional procedures were carried out in 3 patients consisting of aortic valve replacement (case 2), tricuspid valve reconstruction (case 3) and coronary artery bypass grafting (case 4).
The cardiac index (CI) ranged from 1.3 to 3.5 (mean: 2.3±0.71) L/min. m 2 preoperatively and from 3.6 to 5.8 (mean: 4.78±0.76) L/min. m 2 postoperatively (tab. II). Comparison of these data revealed a significant increase in CI (p<0.0001) after the procedure. The cardiac output (CO) and left ventricular EF also increased significantly postoperatively. The preoperative CO ranged from 2.2 to 4.7 (mean: 3.31± 0.83) L/min and the postoperative CO ranged from 5.7 to 6.9 (mean: 6.22±0.4) L/min (p=0.0001). The EF ranged from 19% to 30% (mean: 25.7±3.4%) preoperatively and from 21% to 40% (mean: 31.1±5.8%) postoperatively (p=0.003) (tab. III) ( fig. 3) .
In regard to geometry, a tendency toward reduction in the LV end-diastolic diameter was observed. This diameter ranged from 64 to 84 (mean: 71±6.6) mm preoperatively and from 62 to 81(mean: 69±7.2) mm postoperatively (p=0.081) (tab. III). The LV end-systolic diameter significantly decreased after the surgery, ranging from 53 to 75 (mean: 61.8±7.3) mm preoperatively and from 46 to 68 (mean: 57.2±8.2) mm postoperatively (p=0.0008) (tab. III) (fig. 4, 5 , and e 6).
All patients were discharged from the hospital and subsequent admissions for heart failure were not recorded. The follow-up time ranged from 1 to 12 months (mean: 6.5). All patients experienced significant improvement in their heart failure FC, with FC decreasing by 1 to 3 steps per patient (tab. IV). Thus, patients required less medication postoperatively than preoperatively. After the surgery, 5 (62.5%) patients were in FC I, 2 (25%) were in FC I/II, and 1 (12.5%) was in FC II (p=0.001) (tab. IV). 
Discussion
Congestive heart failure is frequently observed in the final stages of cardiomyopathy, independent of the etiolo- gy, contributing to a 1-year survival rate of 50% for patients in FC IV 7, 8 . By clinical surveillance, Barreto and Ramires 9 demonstrated that this pathology accounts for two thirds of the treatments for cardiovascular disease. When medical treatment does not afford sufficient improvement and the heart failure becomes refractory, surgical approaches can be used in selected cases to change the clinical evolution. Heart transplantation is the ideal treatment for patients in FC III or IV. However, not enough donor hearts are available to meet patient demand. Furthermore, some patients die while on the organ waiting list 10 or have contraindications to heart transplantation. Alternatives to transplantation have been used to improve survival and optimize clinical outcomes. These techniques include dynamic cardiomyoplasty 11 , myocardial revascularization in ischemic DCM 12 , partial left ventriculectomy 13 , biventricular pacemaker insertion 14 and valve reconstruction 3, 15 or replacement 4 . FMI is a negative development in the clinical evolution of DCM that increases patient mortality 1 . The valve leaflets do not undergo anatomic changes in DCM; however, changes of other structures cause dilatation of the mitral annulus and valve region. These changes include geometric disarrangement of the LV (ie, a tendency of the LV to become spherical), an increase in the size of the ventricular cavity, displacement of papillary muscle bases in posterolateral and apical directions and an increase in the heart base. The resultant dilation of the annulus and valve region does not permit the leaflets to remain together during ventricular systole and a rapidly progressive mitral insufficiency develops.
As symptoms of FMI increase, survival decreases. The FMI creates a volume overload in the dilated left ventricle. Thus, the LV diameter increases and the mitral annulus becomes more dilated. As the heart failure worsens, maximal medical treatment is used and the frequency of hospital admissions increases. The next stage is admission to the ICU because of cardiogenic shock.
Effective surgical correction of mitral valve insufficiency is imperative. The moderate blood volume that returns to the left atrium does not compromise cardiac output by a left ventricle with preserved and adapted function, but is deleterious in patients with DCM. In Table IV -Clinical evolution   Patient  NYHA heart failure functional class  Pre  Post   1  IV  I  2  IV  II  3  III  I  4  IV  I  5  IV  I  6  IV  I/II  7  III  I/II  8  III/IV  I  m these patients, LV function is already pushed to its limit and the ventricle is without reserve power to adapt to mitral valve insufficiency. Mitral reconstruction offers the attractive feature of preservation of the natural valve. With the decrease in the posterior part of the valve annulus and, therefore, the heart base, the mitral insufficiency is corrected. Thus, the left ventricle must acutely adapt to the change in diastolic volume, because reflux to the atrium no longer occurs. Although mitral valve reconstruction does not significantly alter the EF, an increase takes place in the effective cardiac output because the systolic volume is now anterograde. The residual valve insufficiency after mitral reconstruction ranges from 16% to 33%, as reported by Bolling et al 3, 16 . Calafiore et al 17 observed some degree of mitral valve insufficiency in 27 of 29 patients who underwent valve reconstruction. Another factor that warrants consideration is that mitral valve reconstruction does not affect the subvalvular apparatus.
Mitral valve replacement should totally correct the valve insufficiency. Bufollo et al 4 believe that the inconvenience of inserting a prosthetic device in these patients is irrelevant, despite the fact that the time of valve use exceeds the survival index. High mortality with valve replacement was observed by Lillehei et al 18 when the chordae tendineae had been sectioned. In 1964, these authors proposed preservation of the chordae tendineae and maintenance of the continuity between the papillary muscles and mitral valve annulus. With this technique, the incidence of low-output states was reduced and postoperative mortality decreased from 37% to 14%.
In 1988, Miki et al 19 proposed preservation of the chordae tendineae and the division of the anterior leaflet into 2 segments, that were displaced and reattached to the mitral annulus of their respective commissural areas. Buffolo et al 4 proposed that, in the treatment of DCM, the anterior leaflet chordae could be anchored in commissural areas to reduce the LV longitudinal axis and reestablish its elliptical shape.
The papillary muscles play an important role in ventricular contraction. Secured by the atrioventricular ring, these muscles approximate the anterolateral and posteromedial walls during systole, thus, determining the degree of longitudinal axis lessening and modification of the spheroid ventricle 20 . The technique we use to treat DCM maintains chordae tension inside the left ventricle by displacing excess chordae tendineae to the left atrium. This surgical strategy moves 1 step closer to lessening the LV longitudinal axis and inducing return of its elliptical form. The traction, adequate positioning and anchoring of the chordae tendineae at 4 points in the atrioventricular ring should disperse, in a more physiologic manner, the papillary muscle forces that act on the ventricular wall. This break in LV wall expansion during diastole, in the absence of volume overload after correction of valve insufficiency, can create conditions that further reduce the LV longitudinal axis, cause regression of the spherical form and improve systolic function.
The echocardiographic data suggest that this possibility may explain the postoperative improvement in EF in 6 patients. When we analyzed alterations in the LV segments' contractility, we saw improved regional contraction of the walls related to the papillary muscles; this improved contractility was of variable intensity and most commonly involved the anterolateral wall. Potentially, this recuperation of regional contractility explains the increase in the EF observed in most patients. Through analysis of LV cavity geometry, we also noted a tendency of the left ventricle to regress from the spherical shape observed preoperatively. This return toward the original elliptical shape of the LV may reflect an increase in parietal systolic thickness, as demonstrated in the 2-D echocardiogram, and a reduction in the LV transverse diastolic diameter.
Patients in the last stages of DCM and FMI have disease attributable to different etiologies. Thus, it is possible that, even with the same treatment, patient outcomes may differ. A high incidence of Chagas' cardiomyopathy exists in our continent. We believe that application of this surgical technique to carefully selected patients with Chagas' cardiomyopathy may produce favorable results.
Our early results do not permit definitive conclusions, as our sample size was small and the postoperative followup time was not long. However, the good clinical evolution of these patients justifies the continued application of this technique, particularly in patients with FC IV, that is associated with high mortality.
